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J. <cuiTcnlIy amended) A process which catalyticalJy duhydrogenatcs p;iranjn 
li>Jr(iciirbon teedsiocks over a bed of metallie catalyst in a membrane based 
dohydvi^yenanoti reactor to produce olefins and hydrogen, with the permeate strL-iMti tVom 
the membrane reactor to consist mainly of hydrogen, olefin, and lesser amounts ol" 
pei'Miealed paratTin. with the non-permcate stream from the membrane reactor to eunsist oi* 
ok'iln. hydrogen and unreaeted paraflln. with the membrane in the de hydro- cnat ion 
reaet<^r t(^ be an inorganic membrane, inorganic-metal membrane, or metal base J 
membrane made by one or more of the following ceramic oxides: 

alumina (AliQ.i), 

litania(TiOi), 

silica (Si(.)2), 

/ireonia [ZrOz), 

mixed vviih one or more of the following catalytic metals: Pt (platinum). Cr 
K-iiromium). Pd ipalladium). Cu (copper). Zn (zinc), V (vanadium), Mg (magnesium), Ru 
(ruthenium). Rh uhodiiim). Ni (nickel), Fe (iron). Sn (tin). Mo (molybdenum), 

or with the membrane to be made by the following metal and metal alloys: 

Palladium, 

Palladium-Silver, 

Palladium-Piatinum. 

Pailadium-Plntinum-Silver, 

Vanadium. 

Pallutlium-Vanadium^ 

I Palladium -Vanadium-Silver, 

Niobium, 

)*ulIadium-Niobium. 
Palladium-Niobium-Silver, 
I'imial Lim. 

Pal hid ium-Tantal urn, 

[*alladium-Tantalum-Silvcr 

/ircontum, 

Palladium-Zirconium, 
Palladium-Zirconium-SiIver» 

with the permeate and non-pcrmcatc f^fetrt strcuJTis to merge in the downs! ream of 
the meriibrane reactor by re -com pressing the permeate stream into the same pressure witli 
tfic mi n- permeate stream, with the merged combined &fte stream to pass through a 
heal exchanger to redLice its tcmpcraiure by exchanging heat and generating steam, with 
the cooled mixture stream to be fed into a polymeri/.ation reactor for polvmei izalion 
reaction to a polyolcfm, after mixing with a bypass-fed solvent in vapor, gas, or liquid 
phase, with the polymerization reactor to be of gas-phase, fiuid bed type or ol slurry- 
soiution phase, stirred bed type, with the formed polymer to exit from i.he \m 
rofymcri/aUon reactor in the form of particles, granules or foam, with the hydrogen 
produced from the dchydrogenation reaction to be used in the polymerization rondo r as a 
chiiin tnmsfer agent to regulate and reduce the polymer molecular weight, with the 
iinreaeicJ para fi in from the dehydrogtination rejiu-tor to ha us;ed in the p(>l>'tnLMiy,ali<in 
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iViKMOf ;is a dilut-nt. solvent or heat romovini^ medium, with iht- imrL-iictL^i olrfiti and 
iximihn Jrom the polymerization to exit from the lop of the polvmorization rL^.-tor and 
c-nter inio a rncmbranc tee^ separator which separates the olefin from the pural'fin and 
re.:ycles the olefin into the miet of the polymerization reactor and the paraffin into the inkn 
of the iniiioi membrane dehydrogenation reactor, with the membrane in the dov\ n.strciim 
mcmbrmie separator to be a denj;e. porous, or liquid like synthetic polymer or eomposiic 
tvpc niunbranc containing one or more of the following metal ions, Cu (copper) 
(Silver). Lr (chromium), (iron), Zn (zinc), Sn (tin), Co (cobalt). Nl (nickel), Mn 
(nvin^nnese), V (vanadium), Ti (titanium), Ru (ruthenium), Rh (rhodium) and with the 
polvmcr materiai of the membrane to consist by one or more of the follovvmy; polv(methyI 
.ncihacrylate), poly (methyl aciylatc), polystyrene, poly(vinyl acetate), poly(vinyl 
iwrrohdone), poly(vinyl carbazole), poly(vinyl stearate). pnIy(p-propio lactone) 
polydiketene, polytrioxano, poly(aeryIic esjler), polyaerylonilriie, polymelhaerN'lonitrile 
P(i v(ae.ylic ucd), poiy(melhacry]ic acid), poly(viny) chloride), poly(viny]idene chloride) 
pulyteirafluoroethylene. polychlorotrifluorocthylene, p(>ly(vinyi lluoride), poly(viMylidenf 
lUiorulc). polyimides, polycarbonates, polysulfones, polybenziimidazolcs, 
polypht>spha/enes. polyamides, polycaprolactams, parylenyy, polysiIo.\ane«. 



2. longjniil) The process of claim I wherein the initial feedstock is either ethane 
or propane and the dehydrogenation reaction of ethane to ethylene or of propane to 
propylene is occumng respectively in the catalytic membrane dehydrogenation reactor 
iind the conversion of ethylene to polyethylene or of propylene to polyprupylene Is 
iK-curring in the next polymerization reactor with polyethylene or poivpiapylene 
rcspeeuvely to be the fmal polymer product. 



3. (original) The process of claim I wherein the initial feedstock is vither 
butane ur i^bulanc or 4-methylpentane. and the dehydrogenation reaction of n-butane to 
biiicne-!. or of i-butanc to isobutene, or of 4-methyIpcntanc to 4-methylpcnlcne-I. is 
occurring in the membrane catalytic dehydrogenation reactor and the conversion ol' 
buiene-1 to poly(butene-I), or of isobutane to paly(isobutene), or of 4-methylpentene- 1 to 
poly(4-niethylpentene-]), is occurring in the next polymerization reactor with polvtbutcnc- 
I ) or polydsobiitenc) or poly(4-mcthylpemene-l) to be the final polymer product.' 



4. (original) I'he process of claim I wherein the initial feedstock is eihylhenzene 
an..l the dehydrojjenalion reaction of ethylbenzene to styrene is occurring in the membrane 
cat[ilyltc dehydrogenation reactor and the conversion of slvrene to poly(sl\rene) is 
ticcurriny in the next polymerization reactor with pt>ly(styrene) to be the Hnaf polymer 
product. 
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>. t currently amended) The process of claim 1 wherein ihe initial feedstock is either 
hu aic- or buien(j-2 or a mixture of both alkcncs, ajid the dehydrogcnation reaction of 
hutenc-t to I, .-butadiene or of buteDe-2 to 1 J-butadiene or both of these rcuctions are 
ncciirrmg in the membrane catalytic dehydrogenalion reactor and the conversion of 1 3- 
huhuhene to poIy(1.3-buiadiene) i.s occurring in the next polymerization reaeior with 
polyt K.^-butadicne) to be the final polymer product. 



(original) The process of claim 1 wherein the feedstock in thr tniliai 
ilehydrogenation reactor is one of the following: 

propane for final production of propylene-ethylene copolymers, 
ethane, propane mixture for final production of ethylene-propylene copolymers, 
n-butane or i-butajie for final production of butyiene-propylerie-olhylenc 
aipolymers, or buiylene-propylene copolymers, or b uly ten e -ethylene copttKmers, 
iinother paraffin, or another saturated or unsaturated hydrocarbon, or naphtha, for 
dehydrogcnation and final polymerization of the dehydrogenated compountls'into 
the corresponding polymers. 



X (curremiy amended) The process of claim 1 wherein the initial mi'mbrane 
dehydroi^cnatron reactor is r e placed by o non permeable fix e d b e d catalvt k-f-eac-i^H- OF-by-ii 
m^fr- penn e tibl c , a non-catalytic thermal cracker, with all products and unreaeted reaetants 
to exit frnni the single outlet and directed after coaling into the polymerization rtiictor for 
pri>duc(ion of the corresponding polyolefins. 



S. (currently amended) The process of eiaim 7 wherein the feedstock in the initial 
iUViyizi^a^ dehydrogcnation feaetOF thermal cracker is one of the following; 

ethane, for final production of polyethylene, 

propane, for final production of polypropylene, 

ethane, propane mixture for final production of ethylene-propylene copolymers, 
n-butane. for final production of poly(butene-I ), 
i buiane. for final production of poiy(isobuEene), 

n-butane or i-buiane for final production of butylcne-propylene-ethylcne 

nipolymers, or butylene-propylene copolymers, or buiylene-ethylene eopohmers, 

4-tnethy Ipentanc- 1 for final production of polyt4-melhylpemene- 1 ), 

ethylbcn/cne for final production of poly(s(yrene). 

butcne-1 for final production of 1 ,3-butadiene, 

butene-2 for final production of 1,3-butadicnet 

butene-t and butene-2 mixture, for final production of U3-buladienc. 

ntinther paraffin, or another saturated or unsaturated hydrocarbtm, or naphtha, Ibr 

dehydrogenaiion and final polymerization of the dehydrogenated cotn pounds into 

the correspt^nding polymers. 
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(currently amended) The procesis of claim 1 wherein ihc mcla! or mcUil alloy 
nn-nibriinc allows only hydrogen to permeate through into the permeate stream, and the 
JM!l-il^:iliJiaitc i=et«et stream eonlains no hydrngen or only small amounts of noii-pvt tnealcd 
liydrogeii mixed with the olefin product and the unreacted paraffin, and with ihe fitinl 
polyoloMn product from the polymeri/^tlion reuclor to be of high molceular weight due to 
the nKscnce of the hydrogen ehain transfer effect during the polymeriza tion. 



10. (original) The process of claim 9 wherein the fcedstoek in the initial metal 
tnenibi EHie dehydrogenation reactor is one of the following components; 

ethane, for final production of polyethylene, 

propane, for final production of polypropylene, 

t-thaiie. propane mixture for final production of ethylene-propylene eopolyiTiers. 
n-butane. for final production of poly(butene-[ ), 
i-bulane, for final production of poly(isobutene), 

n-buliine or i-butane for final production of butylene-propylene-othylcne 

c opolymers, or butylenc-propylene copolymers, or butylenc-ethyJene eopolvmcrs. 

4-meihyIpcntane-l for final production orpoly(4-methytpententi-l ), 

<• til)' I benzene for final production of poly(styrene), 

butetie-l for final production of 1,3 -butadiene, 

hutene-2 for final production of 1,3-butadiene, 

biitenc-1 and butene-2 mixture, for final production of 1,3-butadiene, 

another paraffin, or another saturated or unsaturated hydrocarbon, or naphtha, for 

ttehydrogenation and final polymerization of the dehydrogenated compounds into 

the eon'csponding polymers. 



IK (currently amended) A process which integrates a membrane separator and a 
poiymeri/alion reactor into a single module, with the feed in the separator to consist of an 
oleHn-p-irafini mixture, with the; olefin to be separated from the paraffin by the ^ise of a 
membiane in the membrane pcrm e ator separator , with the membrane to be a dense, porous 
or liquid like synthetic polymer or composite membrane containing one or mon: of the 
lollowmg metal ions: Cu (copper), Ag (silver), Cr (chromium), Ke (iron), Zn (/iiic). Tin 
(Sii), Co (cobait), Ni (nickel), Mn (manganese). V (vanadium), Ti (titanium), Ku 
(ruthenium). Rh (rhodium), with the gas flow mode in the membrane separator lo be of 
plug fiow. mixed (stirred) fiow or fluid bed flow type, with the non-permeatc paraffin to 
exit iis tettf^ non-permeat e stream from the permcatof separator exit, with the permeate 
through the membrane olefin to undergo fluidization without or with stirring with gas 
ph.ise polymerization to occur and conversion into poiyolefin at the smne time in the 
adjacent i«(efe44ited polvmeri/ation reactor module by using suitable metallic catnlyst in the 
ftit in of fiuidized powder or panicles, with the unreacted olefin from the polymerization to 
exit iVoin the top of the integrated polymerization reactor and af\er passing through a 
cooler In remove the exothen-nic heat of polymeri/^ition to be recycled back into (he inlet 
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^il polymcri/ution rcaelor for continuous polym^^rization, witli the prodLiccd pnlyolclin 
pr.,)du(n to exit from a .separate exit in the form of panicles, i^ranulus. or foam, ami tlnEilly 
uiih the pcilymcr material of the membrane in the integi-ated separator lo consist by one or 
more of the following: poly(methyl mcthueryiate), poly (methyl acrylatc), poKstyrciio. 
poiytvinyl acetate). poly(vinyl pyrrolidone), poly(vinyl earba/ole), po]y(vinyl stearatc). 
poly(fKpropiolaetone), polydiketene, poiytrioxane, poly(acrylie ester), polviteiyloniirilc. 
polymL'ihacr\'ionitrile, polylaerylic acid), poiyCmethacrylic acid), poly( vinyl chloride), 
poly(vi)iylidenc chloride), polytetrafluorocthylcne. polychlorotrifluorocthylcne, puly(vi)iyl 
lliioridc). polytvinylidene fluoride), polyimides. polycarbonates, poly sal fcmcSt 
polyben/jimida^^oles, polyphosphazenes, pol yam ides, poiyeaprolactams, piir>'lenes, 
poKiilloxanes. 



12. (original) The process of claim 1 J wherein the feedstock in the inlet of the 

infegnited membrane separator-polymerization reactor is one of the following n iixUires; 
ethane, ethylene mixture for final production of polyethylene^ 
propane, propylene mixture for final production of polypropylene, 
ethane, pr<ipane, ethylene, propylene mixture for final production of cthylcne- 

prnpylcne copolymers, 

n-bulanc. butcne-t mixture for final production of poly(butene-l), 
i-bulane, isobuicnc mixture for final production of polyctsobutcne), 
4-meLhylpcntanc-I, 4-melhy]pentene- 1 mixture for final production of puiyt4- 

melhylpentene-I ), 

mixtures of hydrocarbons with butcncs, propylene, ethylene for final produclioji of 
(.\rC,j ct>pol>mers. 

another paraffin, olefin mixture or hydrocarbon, olefin mixture, or naphtha 
niixuircs. for olefin separation via the membrane and final polymerization of the soparalod 
olefin into the corresponding polymer. 



13, (currently amended) A process which inlegrales a mombrmie catalytic rciictor and 
a polynieri/ation reactor into a single module, with the feed in the membrane rvactor to 
consisi of a paraffin which is dehydrogenatcd into an olefin by the use of metallic catalyst. 
\uth the ^ fiow mode in the membrane reactor to be of plug fiow, mixed (stirred) flow, 
or fluid bed flow type, with products olefin and hydrogen lo be produced from the 
dchydro^onation reaction and permeate through the membrane into the jdjaceni 
PX».b:iIL^li'l^iii!i2lI reactor side the integrated reaction licparation t¥t0tkttt?, uith the 
membra no to be of dense or porous structure of inorganic, inorganic-metal, inorganic- 
pulymer or composite nature containing one or more of the following metal ions: C'u 
(copper>. Ag (silver), Cr (chromium), Fc (iron). Zn (zinc). Sn (tin), Co (cobnli), Ni 
(nickel). Mn (manganese), V (vanadium), Ti (titanium), Ru (ruihenium)» Rh (rhodium), 
ui(h the non-permcate stream containing mainly unrcacted paraffin and traces of olefin 
iinJ hyd(\>gen to exit as reject stream from the membrane reactor outlet and recycled back 
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into I he membrane reiicior inlet for continuous dehyUrOiienation, with the pcrriKMtc iri.>m 
I he nit-Eubmnt: olefin product to undergo fluidization without or with stirring imd with gLis 
phiisc pulynicri/ution conversion into poiyolefin to occur in the adjacent integrated 
pt>K meri/ation reaction module by using suitable metiiilic catalyst in the Form oi' powder 
or panicles, with the permeate hydrogen to he used in polymerization as a chjiin transfer 
ayenl \o reguliite and reduce the polymer molecular weight, with the unreacted ulcfin la 
exit triini the top of the polymerization reactor and after passing though a cooler to remove 
ihe exothermic heat of polymerization, to be recycled back into the reactor for corttinuous 
polymerization, with the produced polyoletln product to exit from a separate exit in the 
lonii of particles, granules or foam, 

with the membrane in the integrated module to be made by one or more of the 
followiuii ceramic oxides: 

aluminn (AliO^)^ 

litania ( ri02), 

silica (SiO:), 

/iivonia lZr02>, 

mlNcd with one or more of the following catalytic metals: Pt (platinum). Cr 
(chromium), Pd (palladium), Cu (copper), /n (zirK)» V (vanadium), Mg (magnesium), Ru 
(riaheniuni). Rh (rhodium), Ni (niekel), Fe (iron), Sn (tin). Mo (molybdenum), 

and possibly with one or more of the following polymer materials: poh (methyl 
nn-thacrylate), poly (methyl acrylale), polystyrene, paly{vinyl acetate), pu!y(vin>l 
pymil!dt>ne), poiy( vinyl carba?;ole), poly(vinyl stearate), poly (p-propio lactone), 
poiydikctcne, polytrioxane, poIy(acrylic ester), polyacrylonitriie, polymethaciylunitrile, 
poly(acrvh'c acid), poly(mcthacrylic acid), poly{vinyl chloride), poly(vinylidene chloride), 
polytetrafluoroethyiene, polyehlorotrifluoroethylene, poly (vinyl fluoride), poly(vinyIidcne 
lUioride). polyimides. polycarbonates, polysulfones, polybenyiimtda/oles, 
po I yphosphazenes, polyamides, polycapro lactams, parylenes, polysiloxanes. 



M, (uriginai) The process of claim 13, wherein the feedstock in the inlei of the 
iniegruted membrane reactor-polymerization reactor module is one of the following-: 

ethane for final production of polyethylene, 

propane for fmal production of polypropylene, 

ethane, propane mixture for final production of ethylene-propylene copolymers, 

n-hut»ne for final production of poly(butene- 1), 

i-butane for final production of poly(jsobulcnc). 

4-methylpeniane-] for final production of poly(4-meihyipenterte-l), 

ethytbenzene for final production of poiy(styrenc), 

buiene-t for final production of 1 ,3-butadiene, 

hutene-2 for final production of 1,3-butadiene, 

hutene- 1 . butene-3 for final production of 1 ,3-butadicne, 

mixtures of butanes, propane, ethane or naphtha for final production oi' C2-C4 
copoly triers. 
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another paraffin or hydrocarbon feed for dehydrogt^nation into an oleiin ;.nd linni 
poJymcn/fUion of the separated olefin into the corresponding polymer. 



5. (original) ihe process of claim 0 which relates with the ethane to cthylunc 
dchydrogenmion reaction and the production of ethylene, wherein oxygen or air with ov 
without a diluent is added into the consecutive reactor and the consecutive reactor is 
replaced by a catalytic ethylejie oxide-direoi production reactor. 



16, (original) The process of claim 15 wherein the ethylene oxide produoi if^ fed 
into a hL-xl, downstream slurry-liquid phase reactor for production of eihylertL- L-lycot bv 
hvdraiion. 



17. (v-»riginai) The process of claim 9 which relates with the ethane to ethylene 
dehydrogcnation reaction and the production of ethylene, wherein oxygen or air with or 
with{>ul a diluent is added into the consecutive reactor and the consecutive reactor is 
replaced by a slurry-liquid phase catalytic reactor for direct production of acetaldehyde. 



IH- torigmal) The process of claim 9 which relates with the propane lo propylene 
deiiydroyenation reaction and the production of propylene, wherein oxygen with or 
vMthout steam, or air with or without steam arc added into the consecutive reactor and liic 
consecutive reactor is replaced by a catalytic reactor for the production of iicrolcin and 
aciylie ncid. 

I i original ) The process of claim 9 which relates with the propane to propylene 
deliydrogenalion reaction and the production of propylene, wherein oxygen and ammonia, 
or air and ammonia are added into the consecutive reactor and the consecutive reactor is 
replaced by a catalytic reactor for the production of aerylonitrlle. 



^0, (origmal) The process of claim 9 which relates with the propane to propylene 
dehydrogimalion reaction and the production of propylene, wherein a hydroperoxide, or a 
m^iure of cthylbenzene with air, or isobutane with air, are added into the conseetitive 
TL-actor and tlie consecutive reactor is replaced by a catalytic reactor for the production of 
propylene oxide, with propylene oxide to optionally hydrated in a next downstream reactor 
lor production i>r propylene glycol. 
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